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(57) ABSTRACT
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a pipeline includes an interchangeable rotary cleaning head,
a motor device coupled to the rotary head, a movement
device configured to move the apparatus inside the pipeline,
and a remote control system. The combined movement of
the rotary head rotation and of the advancing motion of the
apparatus inside the pipeline allows the disintegration of the
deposits present internally of the pipeline by mechanical
action.
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1
APPARATUS AND METHOD FOR INTERNAL
CLEANING OF A PIPELINE

TECHNICAL FIELD

The present invention relates to an apparatus and a
method for the internal cleaning of a pipeline, in particular
a pipeline serving for the production of hydrocarbons. The
apparatus that is the object of the present invention is
particularly suitable for the removal of deposits inside the
pipeline.

PRIOR ART

Partial or total blockage of production pipelines or plant
pipelines, generally used in the field of hydrocarbon pro-
duction, is a problem that has for some time afflicted the oil
and gas industry.

Depending on the type of fluid transported (for example
composition, rtheology, and contaminants present) and on the
conditions of transport (for example, pressure, temperature,
velocity and course), a pipeline may be subject over time to
the formation of deposits inside it with the effect of a
reduction in the effective internal flow cross-section, in
extreme cases resulting in the total obstruction of passage of
the fluid.

Obviously, a considerable reduction in the internal flow
cross-section of a pipeline entails a number of disadvan-
tages, including greater load losses along the line that can
lead to increases in internal pressure and increased con-
sumption on the part of pumping systems to guarantee flow
profiles in line with requirements. The accumulation of
occluding substances within the pipeline can furthermore
intensify phenomena of a local increase in velocity and
vibration as well as represent a catalyst to the accumulation
of debris that can then lead to a more rapid blockage rate of
the line itself.

It is therefore evident that it is necessary to provide
periodically for the removal of deposits present within
pipelines in order to restore their complete and effective
functionality.

To date various methods exist with which it is possible to
intervene on pipelines partially blocked by internal deposits
that can be grouped into two broad categories: non-invasive
and invasive.

One non-invasive method is based on co-ordinated
actions of varying the pressure within the pipeline so as to
create pressure wave fronts that can release energy close to
the occluding deposits in such a way as to induce their
detachment. Although relatively easy to implement, this
method represents by far the least effective one, greatly
dependent on the type and size of the deposits and almost
totally useless in cases where pockets of gas are present that
compromise the disruptive effect of the pressure waves
generated.

Another method of non-invasive cleaning relies on the
frequent and massive injection of chemical substances,
generically also called chemicals, with the function of
slowing, inhibiting and/or breaking up any blockages in the
internal cross-section of the pipeline. Also in this case the
effectiveness is not high and frequently does not allow
complete cleaning of the pipeline. Furthermore, massive and
periodic injection of these chemical substances necessitates
dedicated items of plant engineering, and represents a size-
able running cost taking into consideration the expensive-
ness of the chemicals themselves.
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From a non-invasive perspective, provision may also be
made for sessions of flushing with solvent fluids at high
temperature to facilitate the disintegration of blockages;
even this method is only partially effective, expensive and
involves interruption of the normal operation of the pipeline
and thus suspension of production.

Focusing instead on the category of invasive methods for
internal cleaning of a pipeline, different types of apparatus
referred to in jargon as “pigs” that are inserted in the pipeline
are widespread. The pigs remove the occluding deposits
mechanically during their advancing motion, pushed by the
pressure of a fluid within the pipeline. Normally the pigs are
provided with a section that creates pressure tightness on the
interior of the pipeline wall to guarantee the propulsive force
developed by the pressure of the fluid inside the same
pipeline.

Internal cleaning of pipelines by mean of pigs necessitates
that the line is set up for this purpose, comprising pig
launching and receiving traps, and a line loop. It is also
necessary for the pressure of the propulsion fluid to be
sufficient to overcome the friction and resistances arising
from interaction of the pig with the pipeline.

However, use of conventional pigs does have advantages;
the loss of adequate pressure within the pipeline impedes the
movement of the pig, and use of this system is therefore not
possible for pipelines designed for low pressures—conven-
tional pigs clean the line mechanically by sweeping the
blocking deposits away from the internal surface of the
pipeline, and accumulating them frontally during their
advancing motion—it is therefore evident that the excessive
accumulation of material removed from the walls of the
pipeline and pushed along during the movement of the pig
can represent a risk of total blockage of the pipeline with
loss of the pig inside the line or rupture of said line. It is
therefore necessary to plan cleaning sessions using pigs the
frequency of which is dependent upon the type of fluid,
conditions of temperature and pressure, and type of occlud-
ing deposits. Moreover, the normal running of the pipeline
must frequently be interrupted, causing interruption of the
production of hydrocarbons.

In the event of total blockage of the pipeline, use of the
conventional pigs described above is not recommended or
even unworkable given the impossibility of moving the pig
through the section of blocked pipeline.

In cases of particularly severe blockage or in the presence
of hard, compacted deposits that are difficult to remove,
interventions are carried out using coiled tubings (CT),
devices equipped with a flexible line for transporting fluid
under pressure, and a cleaning head equipped with pressure
jets used for removing deposits. Obviously, the use of CT,
normally with hot fluids under pressure, requires interrup-
tion of the normal operations of the pipeline and suspension
of the production of hydrocarbons, and needs the use of
highly complex and costly surface equipment for manage-
ment, the impact of which is very great in cases of cleaning
underwater pipelines for which the required apparatus must
be set up on a special boat.

From the above description it is therefore evident that the
known techniques for internal cleaning of a pipeline present
a number of problems which involve the temporary inter-
ruption of normal running, the impossibility of cleaning
pipelines that are “non-piggable”, where for example there
is only one access to the pipeline or the internally accumu-
lated deposit is too hard and/or thick; the use of high-impact
equipment external to the line and serving for the control and
functioning of the CT; movement of the pig in only one
direction along the line and the necessity for minimum
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conditions for the correct functioning of the pig (minimum
pressure necessary for the movement).

OBIJECT OF THE PRESENT INVENTION

The object of the present invention is to produce an
apparatus and a process for internal cleaning of a pipeline
that overcome the drawbacks of the prior art by enabling
effective interventions in the internal cleaning of a partially
or totally obstructed pipeline, obviating total interruption of
normal running of the pipeline and therefore guaranteeing
the continuity of hydrocarbon production.

GENERAL DESCRIPTION OF THE INVENTION

According to the present invention, an apparatus for
internal cleaning of a pipeline is produced that is capable of
removing deposits while avoiding interrupting the normal
running of the pipeline, understood as transporting the fluids
for which the pipeline is normally used.

A first object of the present invention is therefore an
apparatus 1 for internal cleaning of a pipeline 5, the appa-
ratus 1 comprising:

an interchangeable rotary cleaning head 10, 110;

a motor device 50 coupled to the rotary cleaning head 10,
110 to selectively control the rotation thereof, the motor
device 50 comprising a casing 55, a gearmotor 51
accommodated within the casing 55 and a transmission
shaft 56, defining an axis of rotation A, projecting from
the casing 55;

a movement device 90 configured to move the apparatus
1 within the pipeline 5, the movement device 90 being
connected to the motor device 50;

a remote system 7 for controlling the apparatus 1 con-
nected to the motor device 50 and to the movement
device 90 by means 8 apt to transfer electrical signals
and power;

the motor device 50 being interposed between the rotary
cleaning head 10, 110 and the movement device 90.

Another object of the present invention is a process for

internal cleaning of a pipeline as will be described below.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and the advantages of the present invention
will be made clearer by the following description of some of
its non-limiting example embodiments with reference to the
accompanying drawings, wherein:

FIG. 1 shows a diagrammatic view of the cleaning appa-
ratus, inserted into a pipeline, in which are evident the three
principal components: the rotary head, the motor device and
the movement device connected to a remote control system,
with parts and details omitted for the sake of clarity;

FIG. 2 shows a three-dimensional view of the rotary head
connected to the motor device wherein the universal joint
connecting the motor device and the movement device is
also evident, parts and details omitted for the sake of clarity;

FIG. 3 shows a three-dimensional view of the rotary head
connected to the motor device in which a “dual vessel”
configuration is produced, with parts and details omitted for
the sake of clarity;

FIG. 4 shows a three-dimensional view of the gearmotor
fitted with a transmission shaft and metal heat-dissipator
elements, with parts and details omitted for the sake of
clarity;
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FIG. 5 shows a three-dimensional view of the casing of
the motor device provided with centering brushes, with parts
and details omitted for the sake of clarity;

FIG. 6 shows a three-dimensional view of a particular
embodiment of the rotary head, in which are visible the
movable part, the fixed part, the rotating tip, the metal
brushes and associated inserts, with parts and details omitted
for the sake of clarity;

FIG. 7 shows a sectional view of the rotary head, in which
are visible the movable part, the fixed part, the rotating tip,
the metal brushes and associated inserts, with parts and
details omitted for the sake of clarity;

FIG. 8 shows a planar and sectional view of the movable
part of the rotary head in which is shown the truncated-cone
structure and the movable flow openings, with parts and
details omitted for the sake of clarity;

FIG. 9 shows a planar and sectional view of the fixed part
of the rotary head in which is shown the truncated-cone
structure and the fixed flow openings, with parts and details
omitted for the sake of clarity;

FIG. 10 shows a three-dimensional view of a particular
embodiment of the rotary head in which are visible the
movable part, the fixed part, the rotating tip, the metal
brushes and associated inserts, with parts and details omitted
for the sake of clarity;

FIG. 11 shows a sectional view of the rotary head, in
which are visible the movable part, the fixed part, the
rotating tip, the metal brushes and associated inserts, with
parts and details omitted for the sake of clarity;

FIG. 12 shows a planar and sectional view of the movable
part of the rotary head in which are shown the fixed part, the
movable part, the rotating tip and the movable flow open-
ings, with parts and details omitted for the sake of clarity;

FIG. 13 shows a planar and sectional view of the fixed
part of the rotary head in which are shown the radial arms,
the associated cutting profiles, and the fixed flow openings,
with parts and details omitted for the sake of clarity;

DETAILED DESCRIPTION OF THE
INVENTION

For the purposes of the present invention, front is defined
as a position closer to the rotating tip 30 of the rotary head
11, 110, and rear as a position closer to the motor device 50.

As anticipated, an object of the present invention is an
apparatus 1 for internal cleaning of a pipeline 5, that is
capable of overcoming the limitations and technical prob-
lems of the prior art by guaranteeing internal cleaning of
pipeline without totally interrupting the normal functional
flow of the pipeline and therefore the production of hydro-
carbons in cases of a pipe serving for transportation of
petroleum products.

With reference to FIG. 1, it is shown that the present
invention is achieved through the combined use of three
principal components: a rotary head 10, 110, a motor device
50 and a movement device 90 of the apparatus 1, which are
advantageously inserted internally to a pipeline 5 and con-
trolled by means of a remote system 7 that exchanges a
plurality of signals with the apparatus 1 while also providing
its electrical supply. The rotary head 10, 110 is connected to
the motor device 50 which selectively allows its rotation via
the transmission shaft 56 torsionally coupled to the rotary
head 10, 110. The rotary head 10, 110 is interchangeable in
such a way as to enable it to be substituted in case of
breakage, wear or simply in cases in which different types of
rotary heads are used according to the type of deposits
within the pipeline. The motor device 50 comprises a
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gearmotor 51 which allows variation both of the speed of
rotation of the rotary head 10, 110 and of the torque applied
thereto. In a preferred configuration of the invention, the
gearmotor 51 comprises a gearbox with epicyclic gears,
suitable in particular for also controlling high torques with
relatively contained dimensions having a high power den-
sity. The transmission shaft 56, projecting from the casing 55
of'the motor device 50 along an axis of rotation A, is coupled
to the rotary head 10, 110.

The movement device 90 instead serves for movement of
the apparatus 1 which selectively determines the velocity
and the direction of movement of the apparatus 1 within the
pipeline 5 by means of its connection to the motor device 50.
The reciprocal arrangement of the rotary head 10, 110, of the
motor device 50 and of the movement device 90 configures
an apparatus 1 longitudinally developed relative to the axis
of the pipeline 5 wherein the components are distributed
sequentially with the motor device 50 interposed between
the rotary head 10, 110 and the movement device 90. The
movement device 90 is similar to the family of devices
already commercially available that are known in jargon as
“crawlers”, and is therefore known per se.

As anticipated, one of the disadvantages common to
known devices for internal cleaning of pipelines is the need
to interrupt normal functioning of the pipeline; an important
advantage that is an object of the present invention is
therefore the adoption of an apparatus 1 capable of internally
cleaning a pipeline without interrupting the flow of normal
functioning, but preferably temporarily reducing its output.

In a preferred configuration of the invention, therefore,
the rotary cleaning head 10, 110 is provided with at least one
aperture that allows passage of a fluid between the front part
and the rear part of the rotary head 10, 110 or vice versa. The
presence of at least one aperture in the rotary head 10, 110
guarantees the fluid normally circulating within the pipeline
to be able to continue to flow in that the apparatus 1 is
inserted into the pipeline 5, obviating shutdown of normal
running. By contrast, therefore, with the provisions of the
conventional “pigs” systems, in which the presence of
apertures transparent to the circulating fluid would represent
an adverse effect in that the propulsive thrust of the fluid
used to move the pig would be reduced, according to the
present invention the presence of said at least one aperture
ensures maintaining of the circulation within the pipeline 5.

According to the present invention, the presence of one or
more apertures as previously described does not influence
the movement capacity of the apparatus 1 in that it is not
dependent upon the thrust of the internal circulating fluid
ensured by the movement device 90. Moreover, the appa-
ratus 1 equipped with the movement device 90 is capable of
advancing within the pipeline 5 independently of the direc-
tion of circulation of the fluid normally flowing within the
same pipeline. Substantially, therefore, the apparatus 1 is
able to move both with and against the current relative to the
fluid contained in the pipeline 5 not depending on the
propulsive thrust normally generated by the fluid in conven-
tional pigs.

With reference to FIG. 2, with a view to ensuring an area
of passage for the fluid normally circulating in the pipeline
5 even when the apparatus 1 is inserted within the same
pipeline, in a further preferred configuration of the inven-
tion, the apparatus 1 for internal cleaning of a pipeline 5, the
area of maximum dimensions of the casing 55 of the motor
device 50 and of the movement device 90, each evaluated in
a transverse section lying on a plane orthogonal to the axis
of the transmission shaft 56, are smaller than the area of
maximum dimensions, evaluated in a transverse section
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lying on a plane orthogonal to the axis of the transmission
shaft 56, of the movable part 12 of the rotary head 10.

In this way, an area of passage between the apparatus 1
and the interior of the pipeline 5 is guaranteed along the
entire extent of the apparatus 1, which area of passage
allows the fluid normally present to flow even in the pres-
ence of the apparatus 1.

For the purpose of effective cleaning of a pipeline 5, it is
necessary for the apparatus 1 to be capable of operating not
only along rectilinear sections of pipeline, but also along
curvilinear sections.

To this end, in a preferred configuration of the invention,
in the apparatus 1 for internal cleaning of a pipeline 5, the
movement device 90 is connected to the motor device 50 by
means of a swivel joint 100, preferably a universal joint. The
swivellable behaviour ensured by interposition of a joint 100
between the motor device 50 and the movement device 90
allows the apparatus 1 to move also along pipelines having
a curvature up to five times the diameter of the pipeline.

With reference to FIG. 4, with a view to reliable func-
tioning and maximum availability of the apparatus 1, it is
necessary for the gearmotor 51 within the motor device 50
to be adequately cooled in order to maintain temperatures
compatible with continuous functioning for prolonged peri-
ods. To this end, the housing of the gearmotor 51 is
advantageously equipped with metal elements 59 that are
dissipators of heat on contact, apt to dispose of the heat
produced by the gearmotor 51. The metal heat dissipator
elements 59 are preferably obtained from material with high
heat conductivity such as, for example, aluminium for the
purpose of maximising the heat dissipation. To avoid accu-
mulation of heat inside the casing 55 of the motor device 50,
the casing 55 is preferably filled with a diathermic and
dielectric fluid so as to create a heat bridge to transport the
heat energy produced by the gearmotor 51 to the environ-
ment external to the motor device 50. A further problem due
to the increase in temperature inside the casing 55 is the
increase in the volume of diathermic and dielectric fluid
contained therein, resulting in an increase in pressure within
the casing 55. Installation of a pressure compensator, known
per se, in the casing 55 allows the pressure of the diathermic
and dielectric fluid to be balanced relative to the external
pressure. In a preferred configuration of the invention the
motor device 50 therefore comprises:

One or more metal heat dissipator elements 59 placed in

contact with the housing of the gearmotor 51 the casing
55 of the motor device 50 being filled with a diathermic
and dielectric fluid;

A pressure compensator exposed both to the pressure of

the diathermic and dielectric fluid and to the pressure of

the fluid external to the casing 55;
The pressure compensator being configured to balance the
pressure of the diathermic and dielectric fluid, the volume of
which is influenced by the variations in temperature induced
by the metal heat dissipator elements 59 relative to the
external pressure. More generally, the pressure compensator
is configured to equalise the pressure of the diathermic and
dielectric fluid within the casing 55 relative to the pressure
present externally to the apparatus 1.

The motor device 50 has a maximum external diameter
less than the internal diameter of the pipeline 5 in which it
is used. It is therefore evident that, in its movement along the
pipeline 5, the problem is presented of maintaining the
motor device 50 in a substantially central position relative to
the pipeline 5 to guarantee correct positioning of the rotary
head 10, 110 connected thereto.
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With reference to FIG. 5, in a preferred configuration of
the invention, the motor device 50 therefore comprises a
plurality of centering brushes 61 that extend radially relative
to the axis of rotation A for a length predetermined to start
from at least one brush-bearing collar 60 installed on the
surface of the casing 55. In a further preferred configuration,
two brush-bearing collars 60 are present.
The remote control system 7 serves to selectively guide
the behaviour of the apparatus 1 by modifying the speed and
direction of movement within the pipeline 5, by varying the
speed of rotation and the direction of rotation (clockwise or
anticlockwise) of the rotary head 10, 110 and by monitoring
continuously and in real time the advance of the apparatus
1 and the functioning thereof. To this end, the apparatus 1
advantageously comprises one or more instruments that
allow the state of the activities during use of the apparatus
1 to be detected. In a preferred configuration of the inven-
tion, the apparatus 1 may therefore comprise:
at least one temperature sensor installed in contact with
the housing of the gearmotor 51; this sensor continu-
ously measures the temperature of the housing of the
gearmotor 51;

at least one temperature sensor installed in contact with at
least one metal heat dissipator element (59) to verify
the effectiveness of dissipation; in this way it is pos-
sible to establish whether the dissipation of heat by
means of the metal elements is effective;

at least one internal pressure sensor to monitor the pres-

sure of the diathermic and dielectric fluid; in this way
the trend of the pressure within the casing 55 is
controlled while avoiding situations of risk due to
excessive values of internal pressure;

at least one external pressure sensor to monitor the fluid

pressure external to the casing 55; in this way it is
possible to understand the difference between the pres-
sure inside and externally to the casing 55 and therefore
to predict correct functioning of the pressure compen-
sator; at least one microphone configured to receive
sounds coming from the environment external to the
casing 55. Use of a microphone to listen to the sounds
produced during the cleaning operations enables under-
standing of how disaggregation of deposits happens, if
a change occurs in their consistency, hardness and
therefore resistance. Listening to the sounds via the
installed microphone enables identification of varia-
tions in the conditions external to the apparatus 1 and
acquisition of data regarding any wear of the various
moving mechanical parts: for example, changes in the
harmonic spectrum of the sound signal may represent a
symptom of wear of the rotating components, the
presence of noises of “impulse” type, such as for
example blows or pounding, may be traced to the
presence of elements/consolidations that are harder
than the deposit being broken up.

On the basis of the information acquired by means of one
or more sensors or microphone described above, the remote
control system 7 modifies the operating parameters of the
apparatus 1 such as, for example, speed of movement, speed
and direction of rotation of the rotary head 10, 110.

A further advantage of the apparatus 1 according to the
present invention is that the rotary head 10, 110 is inter-
changeable, thus allowing the use of different rotary heads
based on the type of deposits present within the pipeline 5.
On the basis of the quantity, thickness and hardness of the
deposits, the apparatus 1 can be equipped with rotary heads
of differing designs better adapted to particular deposits to
be removed from the pipeline 5.
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With reference to FIGS. 6, 7, 8 and 9, in a preferred
configuration of the invention the rotary cleaning head 10
comprises:

a fixed part 11 comprising:

a fixing flange 29, integral with the casing 55 of the
motor device 50, provided with a hole 33 for passage
of the transmission shaft 56;

a hollow tubular element 26, protruding orthogonally
from the fixing flange 29 and co-axial with the
passage hole 33, set up to be crossed coaxially by the
transmission shaft 56;

a circular crown 28 placed in the rear part of the rotary
head 10, coaxial with the hollow tubular element 26
and said circular crown 28 being of internal diameter
larger than that of the fixing flange 29;

a plurality of radial ribs 27 protruding from the external
surface of the hollow tubular element 26 and integral
with the fixing flange 29 and with the circular crown
28, the radial ribs 27 having a form such as to
configure an upright truncated cone structure of the
fixed part 11 and delimiting a plurality of fixed
passage apertures 20;

a movable part 12 comprising:

a front ring 21 and a rear ring 22 of internal diameter
that is larger than both the external diameter of the
front ring 21 and then the external diameter of the
circular crown 28, that are placed coaxially and
distanced by means of connecting arms 23 skewed to
form an upright, truncated cone structure of the
movable part 12 and delimiting a plurality of mov-
able passage apertures 25;

The fixed part 11 being integral with the casing 55 and with
the hollow tubular element 26 coaxial with the transmission
shaft 56 which protrudes beyond the hollow tubular element
26 on the front part of the rotary head 10, while the movable
part 12 is coaxially installed in front of the fixed part 11 in
such a way that a portion of the transmission shaft 56
protruding is torsionally engaged with the front ring 21
permitting rotation of the movable part 12.

It is therefore evident from the description and from the
drawings that the preferred embodiment of the rotary head
10 described above configures the combination of a fixed
part 11 and a movable part 12 coaxially installed relative to
the transmission shaft 56 in such a way that the movable part
12 is placed in rotation with respect to the fixed part 11. Both
the fixed part 11 and the movable part 12 have the shape
substantially of an upright truncated cone that allows good
penetration into the deposits to be eliminated from the
pipeline 5. In a further preferred configuration of the rotary
head 10, interposed between the movable part 12 and the
fixed part 11 of the rotary head 10 there are a front bearing
31 between the front ring 21 and the front end of the hollow
tubular element 26, and a rear bearing 32 between the rear
ring 22 and the circular crown 28 rendering the fixed part 11
a structural element collaborating with the persistent stresses
on the movable part 12. Interposition between the movable
part 12 and the fixed part 11 of bearings that transmit to the
fixed part 11 the stresses impinging on the movable part 12
during the cleaning operations and disintegration of the
deposits increases the rigidity of the rotary head 10, thus
reducing the deformations in operation.

For the purpose of increasing the effectiveness of removal
of the deposits in the pipeline 5, in a further preferred
configuration the skewed connecting arms 23 of the rotary
head 10 comprise a plurality of prominences 24, facing onto
the front part of the rotary head 10, equipped with removable
cutting inserts 13. In this way, during rotation and advance-
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ment of the rotary head 10, the cutting inserts 13 break up
the deposits within the pipeline 5. The cutting inserts 13 are
advantageously removable to guarantee prompt replacement
in case of breakage or wear.

In a further preferred configuration of the invention, the
removable cutting inserts 13 are placed in an offset arrange-
ment on the connecting arms 23 in such a way that the
truncated cone surface described by the skewed connecting
arms 23 during rotation of the movable part 12 is integrally
brushed by the cutters 13. This guarantees a complete and
uniform action of removal of the deposits by the cutting
inserts 13 during rotation of the movable part 12. According
to the arrangement of the cutting inserts and the number of
connecting arms 23, total coverage of the brushed surface
can be achieved with a half revolution or a complete
revolution of the movable part 12.

In a further preferred configuration of the invention as
shown in FIGS. 9, 10, 11 and 12, the rotary cleaning head
110 of the apparatus 1 for internal cleaning of a pipeline 5
comprises:

a fixed part 115 comprising:

a fixing flange 77, integral with the casing 55 of the
motor device 50, provided with a hole 76 for passage
of the transmission shaft 56;

a circular crown 81 coaxial with the passage hole 76
and said circular crown 81 being of external diameter
larger than that of the fixing flange 77;

a plurality of radial elements 72, each of which departs
from the fixing flange 77 and unites with the circular
crown 81, which elements are placed in such a way
as to configure a radial structure that delimits a
plurality of fixed passage apertures 74;

a movable part 120 comprising:

arear ring 82, of internal diameter that is larger than the
external diameter of the circular crown 81, placed
coaxially to the passage hole 76;

a hollow tubular element 80, protruding orthogonally
from the front surface of the rear ring 82 and coaxial
with the passage hole 76, set up to be traversed
coaxially by the transmission shaft 56;

a plurality of movable radial elements 84 that extend
from the external surface of the hollow tubular
element 80 as far as the rear ring 82 and delimiting
a plurality of movable passage apertures 75;

a plurality of radial arms 70 placed on a plurality of
planes parallel and orthogonal to the axis of rotation
A, protruding from the external surface of the hollow
tubular element 80 in such a way that the length of
the radial arms 70 referred to a rear plane is greater
relative to the length of the radial arms 70 referred to
afront plane, the free ends of the radial arms (70)
being provided with cutting profiles (71);

The fixed part 115 being integral with the casing 55 and with
the passage hole 76 coaxial with the transmission shaft 56
while the movable part 120 is installed in front of the fixed
part 115 with the hollow tubular element 80 coaxial with the
passage hole 76 in such a way that a portion of the
transmission shaft 56 is torsionally engaged with the front
part of the hollow tubular element 80 permitting rotation of
the movable part 120 and said transmission shaft 56 is
protruding beyond the hollow tubular element 80 on the
front part of the rotary head 110. Preferably, in the rotary
head 110, between the movable part 120 and the fixed part
115 of the rotary head 110, a rear bearing 85 is interposed
between the rear ring 82 and the circular crown 81. Said
bearing enables facilitation of the rotation of the movable
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part 120 under load by transferring part of the strain to the
fixed part 115, maintaining the necessary capacity for free
rotation.

In the case wherein the quantity and location of the
deposits internal to the pipeline 5 are such as to totally block
the internal passage section, the operations of breaking up
the deposits are benefited by a device for penetrating into the
block of deposits. For this purpose it is especially advanta-
geous to equip the rotary head in any one of its preferred
embodiments with a rotary perforating bit which, by means
of advancement of the apparatus 1, engages in the blocking
deposits creating a gap and allowing subsequent removal of
said deposits. In a preferred configuration of the invention,
therefore, in the apparatus 1 for internal cleaning of a
pipeline 5, the rotary head 10, 110 comprises a rotary
perforating bit 30, 73 coaxially installed in front of the
movable part 12, 120 in such a way that a protruding portion
of the transmission shaft 56 is coupled torsionally to the
rotary perforating bit 30, 73, allowing rotation thereof
together with the mobile part 12, 120. The rotary perforating
bit 30, 73 is preferably equipped with cutting profiles apt to
favour the penetration and removal of part of the blocking
deposits.

Normally, the motor device 50, as well as comprising,
within the casing 55, the gearmotor 51, the pressure com-
pensator and the casing 55 being filled with a diathermic and
dielectric fluid, is equipped with electronic components
serving for the functioning of the gearmotor 51 and of the
installed sensors. With reference to FIG. 3, in particular
operative cases or anomalous cases wherein the pressure
and/or the temperature within the casing 55 reach values not
compatible with correct functioning of the electronics, it can
be advantageous to segregate the electronic components by
installing them separately from the gearmotor 51 assembly
in a dedicated electronics module 130. For the purposes of
the present invention, this configuration is called “dual
vessel”. In a preferred configuration of the invention, the
apparatus 1 comprises an electronics module 130 containing
the electronic components serving for the functioning of the
gearmotor 51 and of the installed sensors. The electronics
module 130 is preferably interposed between the motor
device 50 and the movement device 90 and connected with
connections of signals and power to both. For the purpose of
guaranteeing the necessary swivellability of the apparatus 1
with a view to moving also in curved sections of the pipeline
5, the electronics module 130 is connected to the motor
device 50 preferably by means of a double swivel joint 140,
more preferably a double universal joint and to the move-
ment device 90 preferably by means of a swivel joint 100,
more preferably a universal joint.

In any one of the preferred configurations previously
described, the rotary head 10, 110 is equipped with a fixed
part 11, 115 and a movable part 12, 120 which respectively
configure fixed passage apertures 20, 74 and movable pas-
sage apertures 25, 75. The functions of said apertures are
multiple; the latter guarantee the passage of fluid normally
circulating in the pipeline 5 so as to obviate shutdown of
production when the apparatus 1 is engaged in the pipeline
5. Furthermore, the relative rotation between the movable
passage apertures 25, 75 and fixed passage apertures 20, 74
exerts a crushing action on the deposits, detached by
mechanical action by the movable part 12, 120 of the rotary
head 10, 110 and evacuated by means of the normally
circulating fluid. Therefore, in the case wherein the deposits,
once detached from the interior of the pipeline 5, are found
to have dimensions not compatible with their disposal using
the normal working fluid as carrier, the passage of said
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deposits through the passage apertures 25, 75, 20, 74 of the
rotary head 10, 110 determines a shredding thereof depend-
ing on the dimension of said passage aperture. To sum-
marise, therefore, a further advantage of the present inven-
tion is that of reducing the dimension of the deposits
detached from the interior of the pipeline 5 so as to make
them flow easily using the normal working fluid as the
carrier and to minimise appreciably the risk of obstruction
during evacuation of the deposits removed. The synergistic
effect of the movable passage apertures 25, 75 and fixed
passage apertures 20, 74 in grinding of the deposits due to
their relative motion proves unexpectedly advantageous.
For the purpose of improving the effectiveness of cleaning
of the apparatus 1, a plurality of radial brushes 14, 78 may
be installed on the rotary head 10, 110. Due to the combined
movement of rotation and advancement, the brushes 14, 78
are particularly effective for freeing the internal surface of
the pipeline 5 from deposits, said brushes also due to their
intrinsic flexibility allow the apparatus 1 to operate effec-
tively also in sections of pipeline affected by dimensional
imperfections that would impede passage to a rigid body
engaging the internal surface of the pipeline. In a preferred
configuration of the present invention according to any one
example embodiment previously described, the rotary head
10, 110 comprises a plurality of brushes 14, 78 that extend
radially from the rear ring 22, 82 of the movable part (12,
120) for a predetermined length, preferably as far as to touch
the internal surface of the pipeline 5. In a further preferred
configuration of the invention, the brushes 14, 78 are
obtained metal filaments.
An object of the present invention is also a process for
internal cleaning of a pipeline 5 comprising the steps of:
introducing into the pipeline 5 an apparatus 1 according to
any one of the preferred configurations described;

maintaining in circulation at least part of the flow of fluid
normally flowing in the pipeline 5;

shifting the apparatus 1 along the pipeline 5 by selectively
activating the movement device 90 by means of a
remote control system 7;

selectively activating the rotation of the rotary head 10,
110 by means of the motor device 50;

moving the apparatus 1 along the pipeline 5 and simul-
taneously rotating the rotary head 10, 110 engaging
deposits that are present within the pipeline 5 and are
at least partially blocking;
by mechanical actions breaking up the at least partially
blocking deposits by means of interaction with the
brushes 14, 78, the cutting inserts 13 or the cutting
profiles 71;

shredding the broken-up deposits by means of passage
through the movable passage apertures 25, 75 and fixed
passage apertures 20, 74;

evacuating the shredded deposits by means of the partially
circulating flow of fluid normally flowing in the pipe-
line 5.

The apparatus 1 is then introduced into the pipeline 5 and
shifted until it is in proximity of the blocking deposits that
are engaged by setting the rotary head 10, 110 in rotation and
simultaneously moving the apparatus 1 further. The inter-
action of the cutting inserts 13 or cutting profiles 71 with the
deposits within the pipeline 5 is particularly effective in
breaking up agglomerates of blocking deposits. Further-
more, the radial brushes 14 contribute to cleaning the
internal surface of the pipeline during advancement of the
apparatus 1. The mechanically detached deposits are then
shredded through passage between the movable areas of
passage and the fixed ones, reducing their size in order to be
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advantageously evacuated by means of the fluid normally
circulating within the pipeline 5.
Because the type of the deposits and their hardness and
resistance can vary according to the service of the line,
break-up of the deposits may necessitate more or less
intensive actions. To this end the speed of the rotary head 10,
110 and the speed of advancement of the apparatus 1 may be
advantageously selectively varied by means of the remote
system 7 for control and power. In a preferred configuration
of the invention, the process for internal cleaning of a
pipeline 5 comprises the further step of selectively varying
the speed of rotation of the rotary head 10, 110 and the rate
of shifting of the apparatus 1 by means of the remote control
system 7.
The adoption of at least one temperature sensor installed
in contact with the housing of the gearmotor 51, of at least
one temperature sensor installed in contact with at least one
metal heat-dissipater element 59, of at least one internal
pressure sensor to monitor the pressure of the diathermic and
dielectric fluid, of at least one external pressure sensor to
monitor the pressure of the fluid external to the casing 55
and of at least one microphone configured to receive sounds
coming from the environment external to the casing 55
allows collection of operating parameters on the functional
status of the apparatus 1. The parameters acquired by means
of the instrumentation installed on the apparatus 1 are sent
to the remote control system 7, preferably by means of data
telemetry in real time. The parameters acquired are taken
into consideration to selectively vary the speed of rotation of
the rotary head 10, 110 and the rate of shifting of the
apparatus 1 with the aim of safeguarding the apparatus 1, the
pipeline 5 and at the same time of speeding up the cleaning
operations.
Non-limiting examples of the approaches implemented,
either individually or in combination, to selectively vary the
rotation speed of the rotary head 10, 110 and the rate of
shifting of the apparatus 1 are described below:
when the current absorbed by the gearmotor 51 and the
torque exerted to cause the rotary head 10, 110 to rotate
at a selected rotation speed is lower than a predefined
value for that speed, a combined increase in the speed
of rotation of the rotary head 10, 110 and of the rate of
shifting of the apparatus 1 is arranged, reducing the
cleaning intervention times;
when the current absorbed by the gearmotor 51 and
therefore the torque exerted to cause the rotary head 10,
110 to rotate at a selected rotation speed is greater than
a predefined value for that speed, a combined reduction
in the speed of rotation of the rotary head 10, 110 and
of the rate of shifting of the apparatus 1 is arranged,
until the value for absorbed current is restored to below
the predefined value;
when the harmonic spectrum of the sound signal picked
up by the microphone changes during an operating step
at constant speed of rotation of the rotary head and of
shifting of the apparatus 1, a combined reduction is
arranged of the two speeds that may even go as far as
total shutdown of operations, providing subsequently
for recovery of the apparatus 1 from the pipeline 5.

When the temperature measured by at least one of the
installed temperature sensors increases beyond a pre-
determined maximum threshold, the power transmitted
to the motor device 50 is reduced by combined slowing
both of the speed of rotation of the rotary head 10, 110
and the rate of shifting of the apparatus 1 until the
measured temperature returns below a predetermined
threshold value.
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When the difference between the pressure within the
casing 55 and the pressure external to the apparatus 1
exceeds a predefined value, a combined reduction is
arranged of the two speeds that may even go as far as
total shutdown of operations, providing subsequently
for recovery of the apparatus 1 from the pipeline 5.

In a preferred configuration of the process that is an object
of the invention, the maximum speed of rotation of the
rotary head 10 is 60 revolutions/minute; said speed of
rotation is particularly advantageous for the mechanical
removal of the harder deposits.

In a further preferred configuration of the process that is
an object of the invention, the maximum speed of rotation of
the rotary head 110 is 300 revolutions/minute; this rotation
speed is considered particularly advantageous for the
mechanical removal of softer deposits.

In a preferred configuration of the procedure that is an
object of the invention, the maximum torque expressed by
the gearmotor 51 is 110 Nm.

The apparatus for internal cleaning of a pipeline 5 and the
related process that is an object of the invention, thus
designed, are in any case subject to numerous modifications
and variations, all coming within the same inventive con-
cept; furthermore all the details may be substituted with
technically equivalent elements. In practice the materials
used, as well as the shapes and sizes, may be any in
accordance with technical requirements.

The sphere of protection of the invention is therefore
defined by the appended claims.

The invention claimed is:

1. An apparatus for internal cleaning of a pipeline, the

apparatus comprising:

an interchangeable rotary cleaning head;

a motor device coupled to the rotary cleaning head to
selectively control the rotation thereof, the motor
device comprising a casing, a gearmotor accommo-
dated within the casing and a transmission shaft, that
defines an axis of rotation A, projecting from the
casing;

a movement device connected to the motor device and
configured to move the apparatus within the pipeline;
and

aremote system for controlling the apparatus, wherein the
remote system is connected to the motor device and to
the movement device by a means apt to transfer elec-
trical signals and power,

wherein the motor device is interposed between the rotary
cleaning head and the movement device,

wherein the motor device comprises:

one or more metal heat-dissipator elements placed in
contact with the housing of the gearmotor, wherein the
casing of the motor device is filled with a diathermic
and dielectric fluid; and

a pressure compensator exposed both to the pressure of
the diathermic and dielectric fluid and to the pressure of
fluid external to the casing;

wherein the pressure compensator is configured to bal-
ance the pressure of the diathermic and dielectric fluid,
the volume of which is influenced by variations in
temperature induced by the one or more metal heat
dissipator elements relative to the external pressure.

2. The apparatus according to claim 1, wherein the rotary

head is provided with at least one aperture that allows a fluid
to pass between the front part and the rear part of the rotary
head.
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3. The apparatus according to claim 1, wherein the
movement device is connected to the motor device by a
swivel joint.

4. The apparatus according to claim 1, wherein the casing,
motor device, and movement device each have an area of
maximum dimensions evaluated in a transverse section lying
on a plane orthogonal to the axis of the transmission shaft
that is smaller than an area of maximum dimension, evalu-
ated in a transverse section lying on a plane orthogonal to the
axis of the transmission shaft, of the movable part of the
rotary head.

5. The apparatus according to claim 1, wherein the motor
device comprises a plurality of centering brushes that extend
radially relative to the axis of rotation for a predetermined
length starting from at least one brush-bearing collar
installed on a surface of the casing.

6. The apparatus according to claim 1, comprising:

at least one temperature sensor installed in contact with a

housing of the gearmotor;

at least one temperature sensor installed in contact with at

least one metal heat-dissipator element to verify the

effectiveness of dissipation;

at least one internal pressure sensor to monitor the pres-

sure of a diathermic and dielectric fluid;

at least one external pressure sensor to monitor a fluid

pressure external to the casing; and

at least one microphone configured to receive sounds

coming from an environment external to the casing.

7. The apparatus according to claim 1, wherein the rotary
head comprises:

a fixed part comprising:

a fixing flange, integral with the casing of the motor
device, provided with a passage hole for passage of
the transmission shatft;

ahollow tubular element, protruding orthogonally from
the fixing flange and co-axial with the passage hole,
set up to be traversed coaxially by the transmission
shaft;

a circular crown placed in a rear part of the rotary head,
coaxial with the hollow tubular element, the circular
crown having an internal diameter larger than that of
the fixing flange;

a plurality of radial ribs protruding from an external
surface of the hollow tubular element and integral
with the fixing flange and with the circular crown,
the plurality of radial ribs configured in an upright
truncated cone structure of the fixed part and delim-
iting a plurality of fixed passage apertures;

wherein the movable part comprises:

a front ring and a rear ring having an internal diameter
that is larger than both an external diameter of the
front ring and external diameter of the circular
crown, wherein the front ring and the circular crown
are placed coaxially and distanced by connecting
arms skewed to form an upright, truncated cone
structure of the movable part and delimiting a plu-
rality of movable passage apertures;

wherein the fixed part is integral with the casing and
with the hollow tubular element coaxial with the
transmission shaft which protrudes beyond the hol-
low tubular element on the front part of the rotary
head, while the movable part is coaxially installed in
front of the fixed part so that a protruding portion of
the transmission shaft is torsionally engaged with the
front ring thereby permitting rotation of the movable
part.
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8. The apparatus according to claim 7, further comprising

a front bearing between the front ring and the front end of

the hollow tubular element; and

a rear bearing between the rear ring and the circular

crown,

wherein the front bearing and the rear bearing are inter-

posed between the movable part and the fixed part of

the rotary head.

9. The apparatus according to claim 7, wherein the
skewed connecting arms comprise a plurality of promi-
nences facing the front part of the rotary head and equipped
with removable cutting inserts.

10. The apparatus according to claim 9, wherein the
removable cutting inserts are in an offset arrangement in
such a way that the truncated cone surface described by the
skewed connecting arms during rotation of the movable part
of the rotary head is integrally brushed by the cutters.

11. The apparatus according to claim 7, wherein the rotary
head comprises a rotary perforating bit coaxially installed in
front of the movable part so that a protruding portion of the
transmission shaft is torsionally coupled to the rotary per-
forating bit to allow its rotation together with the movable
part.

12. The apparatus according to claim 7, wherein the rotary
head comprises a plurality of brushes that extend radially
from the rear ring of the movable part for a predetermined
length.

13. The apparatus according to claim 12, wherein the
brushes are obtained from metal filaments.

14. The apparatus according to claim 1, wherein the rotary
cleaning head comprises:

a fixed part; and

a moveable part,

wherein the fixed part comprises:

a fixing flange integral with the casing of the motor
device, provided with a passage hole for passage of
the transmission shatft;

a circular crown coaxial with the passage hole and
having an external diameter larger than an external
diameter of the fixing flange;

a plurality of radial elements, each of which departs
from the fixing flange and unites with the circular
crown, wherein the plurality of radial elements are
placed in such a way as to configure a radial structure
that delimits a plurality of fixed passage apertures;

wherein the movable part comprises:

a rear ring, of internal diameter that is larger than the
external diameter of the circular crown, placed
coaxially to the passage hole;

a hollow tubular element, protruding orthogonally from
the front surface of the rear ring and coaxial to the
passage hole, set up to be traversed coaxially by the
transmission shaft;

a plurality of movable radial elements that extend from
the external surface of the hollow tubular element as
far as the rear ring and delimiting a plurality of
movable passage apertures;

a plurality of radial arms placed on a plurality of planes
parallel and orthogonal to the axis of rotation (A) and
protruding from the external surface of the hollow
tubular element so that the length of the radial arms
referred to a rear plane is greater with respect to the
length of the radial arms referred to a front plane, the
free ends of the radial arms being provided with
cutting profiles;

wherein the fixed part is integral with the casing and with

the passage hole coaxial with the transmission shaft

16

while the movable part is installed in front of the fixed
part with the hollow tubular element coaxial to the
passage hole in such a way that a portion of the
transmission shaft is torsionally engaged with the front

5 part of the hollow tubular element to permit rotation of
the movable part and the transmission shaft is protrudes
beyond the hollow tubular element on the front part of
the rotary head.

15. The apparatus according to claim 14, the apparatus
10 further comprising:
a rear bearing interposed between the rear ring and the
circular crown.

16. A process for internally cleaning a pipeline, the
15 process comprising the steps of:

introducing the apparatus according to claim 1 into the
pipeline;

maintaining a partially circulating flow of fluid normally
flowing in the pipeline;

20 shifting the apparatus along the pipeline by selectively
activating the movement device with the remote sys-
tem;

selectively activating the rotation of the rotary head with
the motor device;

moving the apparatus along the pipeline and simultane-
ously rotating the rotary head to engage with at least
partially blocking deposits that are present within the
pipeline;

breaking up the at least partially blocking deposits into
broken-up deposits by mechanical action;

shredding the broken-up deposits by passing the broken-
up deposits through movable passage apertures and
fixed passage apertures; and

evacuating the shredded deposits with the partially circu-
lating flow of fluid normally flowing in the pipeline.

17. The process according to claim 16, comprising the
further step of selectively varying the speed of rotation of the
rotary head and the rate of shifting of the apparatus by means
of the remote system.

40

18. The process according to claim 17, wherein the
selective variations in the rotation speed of the rotary head
and of the rate of shifting of the apparatus depend on
telemetric data acquired in real time by at least one of the
instruments installed on the apparatus.

45

19. The process according to claim 16, wherein the
mechanical action is interaction with the brushes, the cutting
inserts or the cutting profiles.

20. An apparatus for internal cleaning of a pipeline, the
apparatus comprising:
an interchangeable rotary cleaning head;

a motor device coupled to the rotary cleaning head to
selectively control the rotation thereof, the motor
device comprising a casing, a gearmotor accommo-
dated within the casing and a transmission shaft, that
defines an axis of rotation A, projecting from the
casing;

55

a movement device connected to the motor device and
configured to move the apparatus within the pipeline;
and

a remote system for controlling the apparatus, wherein the
remote system is connected to the motor device and to
the movement device by a means apt to transfer elec-
trical signals and power,

65
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wherein the motor device is interposed between the rotary
cleaning head and the movement device

wherein the rotary head comprises:

a fixed part comprising:

a fixing flange, integral with the casing of the motor
device, provided with a passage hole for passage of
the transmission shatft;

a hollow tubular element, protruding orthogonally from
the fixing flange and co-axial with the passage hole,
set up to be traversed coaxially by the transmission
shaft;

a circular crown placed in a rear part of the rotary head,
coaxial with the hollow tubular element, the circular
crown having an internal diameter larger than that of
the fixing flange;

a plurality of radial ribs protruding from an external
surface of the hollow tubular element and integral
with the fixing flange and with the circular crown,
the plurality of radial ribs configured in an upright
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truncated cone structure of the fixed part and delim-
iting a plurality of fixed passage apertures;
wherein the movable part comprises:

a front ring and a rear ring having an internal diameter
that is larger than both an external diameter of the
front ring and the external diameter of the circular
crown, wherein the front ring and the circular crown
are placed coaxially and distanced by connecting
arms skewed to form an upright, truncated cone
structure of the movable part and delimiting a plu-
rality of movable passage apertures;

wherein the fixed part is integral with the casing and with
the hollow tubular element coaxial with the transmis-
sion shaft which protrudes beyond the hollow tubular
element on the front part of the rotary head, while the
movable part is coaxially installed in front of the fixed
part so that a protruding portion of the transmission
shaft is torsionally engaged with the front ring thereby
permitting rotation of the movable part.
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